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SYNTHESIS AND CHARAC'CERLZATION OF FUNCTIONALI%ED 
EIGHT-MEMBERED CYCLIC SILICATES 

I E R C  Corporalton. ' A J ~  Force Research Laboratory 
AFRL.:'RZSM, 10 F: Saturn Blvd, Bldg 855 1 

Edwards AFB, CA 93524 

Introduction 
Inorganic fillers are ex:ena~vcly used to modify polymer propLrtles 

Additionally, many nanopafllclc fillers have been found to increasc the 
thcrmal vxidarlve stability of modified plas~ics.  typical!^, govd nano- 
d~sperslon is req~ired to obhin significant p r q w t y  irnprovemcnts. This is 
often achievcd by c~,mpaltbilizing the Inorganlc filler w~th  the pclyincr host 
The addition of organlc groups to an inorganic particle leads to ilnproved 
blendlng charactensl~cs, rrhile reactive groups increase thelr mechanr~al 
robustnrss if they are chemically Incorporated inlo tbt  host polymer By 
modifying rh~s  organic funcllonal~ry, nanopartlclcs can be fine-~uned to 
improve d e s ~ ~ e d  polymer propenies. For example, fluorinatrd nanopaniclcs 
can i~nprovr pulymcr hydrophobicity. 

Polyfunc~ional e~ghl-~r~cmbered cycllc silicates are a class of Inorgamc 
nsnopanicles thal have lhc ability to k subslituted with eight functional 
g r o u p  The octak~s[chloro calcium uxyjcyclotetras~l~cate (0, salt) 1s 
produced rrom wollastonite, a n ~ ~ u r a l l y  occurring rnlnera! When wolla~tonrte 
is heated in )he prrsence of calcium rhloride (see Fig I),' [he resulting Q, salt 
1s easily isolarcd The s~lanolate iunvl~unality can then bc denvatized using 
chlorosilane~ Upor, substitution, 0 4  compounds contain two types of  slllcon, 
M & Q. Siltcon atoms bonded ti) one oxygcn arum and thrcc organlc groups 
are In thc hI class Srllco~) atoms bonded to four onvgen atoms ar t  in [he Q 
class Suhstituted Q, compounds contain eight M slllcon aturns on the outer 
perlphery and four Q srl~cun atoms in tlic rlng. 

i.l, Salt 

Figure 1. rhc cdnverstoll of w01l;tstonlle (C'aS103) 10 Q, salt [octak~s[chloru 
calcium oxy]cyclotc1ras1I1rare). 

Kzfinenicnts o l  lhe fu~.ctlonalization o f  the Q, salt have increased ylrllk 
ovur reported valucs.' A greater varicp of  Cunctional e m ~ ~ p . i  are now available 
For attachment to the core rlng. The process in this repon 1s two steps, hul 
yields have increased from 30% lo uver 50% for non- nuormated alkyl groups. 
The desired chloros~lane is first reacted with the (I, salt, rollowed b:i thc 
corresponhng dls~loxane in the presence o i  Amberlyst 15 ion-exchane;. 
resini. 

1,1.2.2-rctrahydrodccyl)dlmehyIchlorosilan (Gelest), I .3-divinyltctran~ethyl- 
dis~lonane (Gelest), hexamethytdisiloxane (Gelest), wolbstonite 520Ll 
(Fibertcc), Amberlyst 15 ion-exchange resin (Aldrich), srllca gel (Analtech), 
ACS grade acaune (Sigma-Aldrich). and reagcnt grade elhanal (Aidrich) 
&ere used as recclved 

Instrumentatiun IH. "C'. "Si NMR spectra *ere obtained on a B~uher 
AMX-300 spectrometer uslng 5 mm OD glass lubes. Sample concentratlonu 
were apprrb?; 10% (w!v) In CIK'I, and were rzlkenced internally to residual 
CHCI? at 7 26 ppm (IH) and 77.6 ppm ft3c) Contact angles were measurcd 
on a Dataphyslcs OCA 20 goniorneter with a 3 pL water drop s l t z  

Synthesis of  octakis IchIoro calcium oxylcycloIttrasilicate 
(Ca,(SiO,),CI8). Wo[lnstonite (19.8 g, 0.170 mol) and calcium chlortdc 
d:hydrate (50.0 g, 13 340 mol) were ground together ~n a mortar and p r d e .  
placed in a graphsle boat, and heatcd In a tube furnacc w ~ t h  a nitrogen purge ar 
800 "C for 24 hours. The rnrxture was allowed lo cool w rwrn temperahlre 
under nllrogen The resulting whl~e  d i d  (58.4 g) was ground In a mortar arid 
pestle. Elhanol~150 mL) was addcd to the mixture to extrac1 e;rccss calcium 
chloride. The solution al~rred for 90 mtnutes. followed by a xacuunl-assls~ed 
filtration to isolate the Q ,  sdt .  The filtrand was dried in a vacuum oven at 74 
"I: h r  85 minutes. 

Synthesis of  octrkis (Irirnethylsiloxy) cyclote~asiloxane. Q, s~lr 
(10.2 g. I I 2 mmol) rcas placed III  a 500 mL round bollom f l s k ,  acetonc (300 
mL) was added, iirllowed by a cunde~!ser on top of the flask with a nitrogcn 
purge. Tnmzthylchlorosllane ( 1  6.5 g, 152 mmul I was added thruugh the top 
of  the condenser. The solur~on was r e f lu~ed  tor 24 hours, coolcd to room 
lernperature, filtered lo renlovc calcium chlor~dc. and the filtratc volatiles 
wcrc removed by vacuum Hexarnethyldis~loxane (40  mL) &*as added to the 
sntrd, along wlth Ambcrlyst 15 ( 1  0 g) The solution sl~rred for two hours a1 
room temperature The Ambcrlysl I5 r c u  thcn remored by tiltration and the 
cxcess hexan~erhvld~siluxane was rcmor*ed by vacuum. The resulttng solid 
was dissolved 111 hexnnc and ~ w o  water cxriaclionp. were pcrfomrd to rcrnobc 
rcsidual acld. The compound (1 06 g. 5 1% y~cbd] u'as isolated and yunrhed by 
subltrnation 'H NMR (<'I)(. I , ,  ppm) 0.12 (s) " C ; ~ H ]  NMK (CDCI,, ppm) 
1.57 (s) '%i(lll) NMR [(-T)I'll, ppm) 9.8 (A!, -168.3 (s) 

Resulls and Uiscussion I 
Substituted cyrlls silicnlcs with -Si{(.'H3)2R, where K CH?. \ inpl, or 

(CH2),(CFI)IC'FI. hair been prcparrd uith Inany yields excecd1r.g SOafi. 

Y~c.lds of fluririnaf~d cumpounds h a w  not increased oker prevrously rcpurlril 
values5. The Q I  salt is Lrst rexted with chlorosbbric, whrch replwt-s ~ht.  
major~ty ufrhc CaCl g r o u p  rm r t ~ c  Q, rlng. The panlallv substituted Q, rlng 
is then reacced with the corresponding disiloxane and Arnbcrlvsl 15 ion- 
exchange resin The nng i s  fi l ly subslhuted d t e r  two hours ofstirrlng. 

Fluorinated QI crmmpounds, chrmicully similar tu fluonnattd POSS. 
havc the potential to Increase hydrophobicl~y in polymer nanocomposlto 
Q,fluorodecyls has been used to incre~se the watcr contzcl allgles on %aririu< 
substrates, which were dipper! (nlo a 0-solution and then dried. The conlrol 
solution conta~nsd AK225 and Tecr~irtlon (5 mg/mL), which was conlparcd lo 
a solutioil ccnlalning AK225, Trcnotlon (5 mg/nlL), and Q,iluorudecyl, ( 5  
mg/mL) The Ittcrease in water contact angle was 23 degrees For the glass 
substrate and 16 degrccs ivr the aluminum lull substrate. Olcopho'r,ic~ty has 
ntrk yet been tcsted. 

Conclu3ion 
An improved technique has heen used to increase Iht vields o f  varrous 

substituted Q, c~mlpounds, which h a w  bccn characterized try YMR 'The 
iluonnated version has been obsvrvzd to increase w:hter contact annlcs bv uver 

e * - 
15" on vartous subs~r~te... 
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